To evaluate the long-term results of lateral canthal resuspension over time.
L ateral canthal management is a critical component of rehabilitation of the aging face, and numerous techniques 1-5 have been reported to manage varying severities and phenotypes of involutional change. Minimally invasive lateral canthal techniques have been developed and utilized to manage frank canthal abnormalities and to provide prophylactic support and cosmetic enhancement during routine eyelid surgery such as upper and lower blepharoplasty. 6 Lower lid laxity, lateral canthal appearance, and scleral show are factors that show racial, genetic, and involutional variation 7 and may be surgically addressed to produce the desired change. However, the effects of gravity and continued involutional change along with local cicatrical or biologic healing processes can alter the postsurgical result, leading to recrudescence or even worsening of the lateral canthal abnormality. 8 The authors have a combined 10 years of experience with minimally invasive aesthetic lateral canthoplasty 9 ; this investigation aims to understand the time course and outcomes of this procedure as related to canthal position and eyelid function.
materials and methods
In this cohort study, adults undergoing lateral canthal resuspension at a tertiary eye institute by 1 surgeon between 2011 and 2016 were screened for study entry.
Patients were offered this procedure to treat involutional entropion, ectropion, or epiphora without nasolacrimal duct obstruction. They were determined to have such if they demonstrated lateral canthal laxity of any severity, did not have medial canthal laxity, and exhibited resolution of their lower eyelid entropion or ectropion with lateral distraction of the lower lid with a finger. In patients who presented with epiphora thought not to be from nasolacrimal duct obstruction, nasolacrimal probing was considered intraoperatively to better evaluate the lacrimal system under the controlled environment of the operating room, and if no obstruction was found, the decision was made to proceed with the surgical plan including minimally invasive canthoplasty. Lower eyelid retractor dehiscence was not considered. This was often combined with surgeries addressing involutional changes of the upper eyelid per the patient's clinical condition (eg, blepharoplasty, ptosis surgery). Patients were offered more invasive surgeries (eg, lateral tarsal strip, midface lift, skin grafting) for lateral canthal management if they had conditions (eg, floppy eyelid syndrome, cicatrical ectropion, eyelid retraction after blepharoplasty, significant negative vector) that would not likely have improved with lower eyelid tightening as predicted by the finger distraction test. Patients were included in the study if they underwent minimally invasive canthoplasty with at least 6 months of follow-up. Exclusion criteria included concomitant lower eyelid surgery of any kind, prior lateral canthal surgery, or inadequate photographs or data to allow for meaningful analysis. All photographs were obtained using a standardized technique in the frontal position with the eyelids open and facial muscles relaxed. Preoperative and postoperative photographs at the 1-week, 3-month, and final follow-up visit (which was the longest possible follow-up available for the patient) were analyzed and graded for functional and cosmetic outcomes with ImageJ software (Bethesda, MD; standard right corneal diameter 12 mm) by a single masked examiner (S.R.) as is depicted in Figure 1 .
Lower marginal reflex distance (MRD2) was measured from the lower lid margin to the center of the pupil. Inferior scleral show was measured from the lower lid margin to the inferior limbal border at the midpupillary line. Lateral canthal height was measured by drawing a horizontal line from the lateral canthus and measuring the vertical distance from this line to the medial canthus. Lateral canthal angle was measured from a point on the lower lid margin inferior to the lateral limbus to the lateral canthus. Horizontal palpebral aperture was measured from the lateral canthus to the medial canthus. Lateral scleral triangle was measured as the area of visible sclera noted lateral to the cornea. Complications were recorded. The institutional review board of the university of California at Los Angeles approved this study and informed consent was obtained from each subject. This research was in compliance with uS Health Insurance Portability and Accountability Act (HIPAA) requirements and adhered to the tenets of the Declaration of Helsinki. Specific consent for publications of clinical photographs was obtained from the patients.
surgical technique
Minimally invasive lateral canthal resuspension was performed through a minimally invasive upper eyelid crease approach as was previously described. 9 Briefly, in this procedure, a lateral upper lid crease incision is made, and blunt dissection to the lateral canthal tendon is performed. The anterior limb of the Representative surgical technique for minimally invasive lateral canthoplasty. Surgery starts with (A) a lateral canthal skin incision in the lateral upper lid crease, followed by blunt dissection to the lateral orbital rim. The lateral canthal tendon is disinserted from the orbital rim (B) and the lateral end minced ab interno. A 4-0 Maxon suture is then placed through the tarsus (C) and brought through the orbital periosteum superior to the Whitnall tubercule (D) for a posterosuperior vector. The second arm of the Maxon suture is passed through the same tarsal hole (E) but brought through a different vector to engage the lateral canthus. Lateral distraction of the suture confirms a tight apposition of the lower lid to the globe (F).
lateral canthal tendon is disinserted ab interno from the lateral orbital rim, and the lateral lower eyelid tarsus is sculpted to create a raw tarsal tongue in an en glove fashion. A 4-0 Maxon suture (Covidien, Dublin, Ireland) on a CV-23 needle is used to engage the raw lower tarsal tongue and reapproximate the lateral canthal complex superior to the Whitnall tubercule for a posterosuperior vector. This technique is depicted in Figure 2 .
statistical analysis
Inferior scleral show, MRD2, lateral canthal height, horizontal palpebral aperture, lateral scleral triangle area, and lateral canthal angle were analyzed; means with standard error of the mean were calculated; and data was analyzed with repeated measures analysis of variance (ANOVA) with Bonferroni correction. Analyses were performed with SPSS (Armonk, Ny).
results
The final sample included a total of 25 patients (45 eyelids). Demographics are shown in Table 1 , and representative pre-and postoperative photographs are depicted in Figure 3 . Minimum follow-up time was 6 months (mean, 15.1 months; range, 6-48 months); 5 patients (20%) underwent subsequent lateral canthal surgery. The overall function of time was found to be significant for change in MRD2 (−0.41 ± 0.14 mm, P < 0.01, Table 2 , Fig. 4) . In multiple comparisons, all time point values were significantly different from one another (Bonferroni corrected, P < 0.05), except for 3 months and the final position, which were not different ( Table 2 , Fig. 4) . Similarly, the overall effect of time on lateral canthus position was also significant (0.81 ± 0.15 mm, P < 0.01). All time points were significantly different from one another (Bonferroni corrected, P < 0.05). The overall effect of time on inferior scleral show was also significant (−0.27 ± 0.05 mm, P < 0.01, Table 2 ). Differences were significant from preoperative to final postoperative position, although the other time points were not significant (Bonferroni corrected, P < 0.05). Although the overall main effect of time was significant for lateral canthal triangle and lateral canthal angle (Table 2) , there was no significant difference at final follow-up for these variables. The overall main effect of time on horizontal palpebral aperture was not significant (Table 2 ). Concomitant surgical procedures performed included upper eyelid blepharoplasty, ptosis repair, and lacrimal probing (Table 1) . No instances of complications including lower eyelid retraction or other malposition, hematoma, infection, excess scarring, or vision loss were noted.
disCussion
Aesthetic lateral canthoplasty is an important and widely performed procedure to correct lower eyelid malposition and to address current or future abnormalities of the lateral canthus. 9 Involutional changes lead to laxity in the lateral canthal complex, leading to descent of the canthus and lower lid. 10 This minimally invasive canthoplasty technique was developed as a response to common complications of the more powerful lateral tarsal strip procedure, including phimosis of the canthus, webbing, superior/ inferior lid mismatch, trichiasis, postoperative lymphedema, or early postoperative disinsertion requiring repeat surgery.
6 However, data quantifying the efficacy and durability of this procedure has been lacking in the literature.
In this retrospective study, we observed significant improvement in MRD2, inferior scleral show, and lateral canthal height at least 1 year after the surgery, although this was significantly less than was observed at the first postoperative week visit. The finding of no significant difference between intermediate time points (eg, postoperative month 3 vs week 1) may be due to slow regression of effect that is only detected at the final postoperative visit; larger sample size may clarify this issue.
By raising the height of the lateral canthus and thereby the lower lid margin, it is expected that one would observe a decrease in MRD2 and inferior scleral show, which is desirable. Although the changes in MRD2 and inferior scleral show are small in magnitude, these points function as surrogates for lower eyelid laxity and the increase in tightness of apposition of the lid to the globe, which is the true aim of the surgery. The time course of this regression of effect is unrelated to the weakening of the tensile strength of the suture (which retains only 25% of its tensile strength at 6 weeks 11 ). Why do we observe this weakening of effect over time?
understanding the anatomy of the lateral canthus provides clues to this query. The lateral canthal tendon (LCT) comprises 3 components: the superior raphé, the superficial head, and the deep head of the LCT. 12 The superior raphé and the superficial head anchor the lateral canthus to the anterior aspect of the orbital rim, whereas the deep head dives posteriorly to attach at the Whitnall tubercule to provide significant tensile support and a posterior vector that enhances lid apposition to the globe. In minimally invasive aesthetic canthoplasty, these ligaments are lysed relatively superficially at the level of the orbital rim, leaving the deep head of the LCT intact inside the orbit. This remnant of tissue, along with the intact retinaculum, may serve to counteract the surgical elevation of the lateral canthus. 13 The lower lid may also be elevated due to partial disinsertion of the lower lid retractors, 14 which may cause an exaggerated effect immediately postoperatively with a subsequent lowering of the lower lid as the retractors reattach over time. Orbicularis oculi paresis is a known risk factor for poor outcomes in canthal surgery, 14 and partial denervation from surgical trauma likely also contributes to the diminishing canthal elevation (although this likely improves after several months). Finally, poorly understood innate biologic processes causing cicatricization, 8 along with the continued effects of gravity and tissue involution with age, may contribute to the late waning of effect as observed with all lifting procedures.
The human eye is very sensitive to subtle changes in the lateral triangle such as enophthalmos, phimosis, canthal height, and angle. The goals of canthal management often vary among ethnicities, with many Asian patients preferring a decrease in lateral canthal height (or canthal tilt), an increase in the lateral triangle area, wider horizontal palpebral aperture, and a more rounded [15] [16] [17] canthus compared with patients with Occidental eyelids who may prefer an almond-shaped canthus. We did not observe any significant change in these parameters with this minimally invasive technique at any of the postoperative visits, suggesting that actual incision of the canthus or the superior/inferior crura is necessary to alter the shape of the lateral canthus or change the lateral scleral triangle. The lack of significant change to the palpebral aperture is in contrast to a prior study, 2 which may be due to variation in technique among surgeons and placement of the suture in the orbit. This outcome may be modifiable with precise suture placement if aesthetically desired by the patient.
We observed 5 patients who underwent repeat lateral canthoplasty (tarsal strip procedure) at a mean of 18.2 months after their initial canthal resuspension; these patients still experienced anatomic success (mean ΔMRD2, −0.72 ± 0.4 mm; Δinferior scleral show, −0.53 ± 0.03 mm, with no changes in other variables including lateral canthal height). On review of these cases, 4 of these patients initially underwent canthoplasty for multifactorial tearing/floppy eyelid syndrome, with 3 having concomitant lacrimal probing/punctoplasty. Repeat canthal surgery was considered for lack of improvement in symptoms of epiphora. The final patient who underwent repeat surgery (tarsal strip) had preexisting canthal phimosis and requested further cosmetic correction of his canthus. These cases suggest that patients with indications for canthoplasty that are nonspecific (eg, multifactorial epiphora), prone to recurrence (floppy eyelid syndrome), or aim to change the shape of the canthus itself (phimosis) may not be ideal candidates for this procedure as it may not address the underlying symptom for the patient.
Limitations of this retrospective photographic study include the inability to measure 3-dimensional metrics of lower lid laxity including adequate apposition and distractibility from the globe along with possible confounding from concomitant surgery, although minimally invasive aesthetic canthoplasty is commonly performed in conjunction with other procedures and determining its efficacy in this setting provides useful information. Future work can prospectively evaluate this and other factors including a functional analysis of ocular surface disease and quality of life indices. In summary, a minimally invasive aesthetic lateral canthoplasty technique provides durable, albeit modest, improvements in MRD2, inferior scleral show, and lateral canthal height without significantly changing lateral canthal angle, horizontal palpebral aperture, or lateral scleral triangle area. Immediate postoperative elevation of the lateral canthus and lower eyelid margin tends to diminish over time, which may be due to cicatrical or biologic forces.
